The action of cytotoxic drugs such as alkylating agents and antimetabolites on active cell division and on the immune response has led to attempts to measure their efficacy as anti-inflammatory and antiproliferative agents in rheumatoid disease. In the chronic joint lesions of this condition there is proliferation of the synovial membrane with dense infiltration with lymphoid and mononuclear cells. These agents have been used in an attempt to induce a "medical synovectomy" to prevent the progressive erosion of articular cartilage and subsequent destruction of joint architecture, as a possible alternative to surgical synovectomy. The theoretical justification for the use of such drugs rests in both their known action in suppressing cell division and their action in suppressing the immune response, since in rheumatoid disease there are (a) active cell proliferation in the local lesions, (b) an abnormal antibody-like material, the rheumatoid factor, albeit of unknown relevance to the pathogenesis of the disease, and (c) local histological features suggestive of a delayed hypersensitivity type of immune response.
Previous workers using these drugs have obtained varying results, both by systemic and intra-articular administration. The drugs used include nitrogen mustard (e.g. Jimenez Diaz, 1951; Scherbel, Schuchter, and Weyman, 1957) ; and Thiotepa (e.g. Wenley and Glick, 1964; Pace, Kantor, and McEwen, 1964; Currey, 1965; Zuckner, Uddin, Ramsey, Gantner, Ahem, and Dorner, 1966 ). In addition 6-Mercaptopurine has been used systematically in systemic lupus erythematosus and in adjuvant arthritis in rats, and methotrexate has been used in psoriasis. The earlier work on this subject has been reviewed by Hitchings and Elion (1963 In the present investigation the authors used cyclo-phosphamide, a nitrogen mustard derivative, and a drug with the use of which they were more familiar.
Whilst in many of the previous investigations on the efficacy of these drugs it has been the custom to administer them by the intra-articular route, a procedure not devoid of hazards, there is little information available to indicate whether there is any advantage in giving the material by this route instead of, for example, intravenously. The authors therefore set out to assess the rate of uptake of cyclophosphamide from knee joints and its subsequent distribution in the body, on the assumption that a rapid uptake from the joint and redistribution of the material would greatly limit the therapeutic advantages of intra-articular injection. In addition an attempt was made to assess whether the simultaneous injection of hydrocortisone affected the rate of uptake, since this material can be given to ieduce the local irritant effect of cytotoxic agents.
Methods Seven female and two male patients with definite rheumatoid arthritis according to the criteria ofthe American Rheumatism Association (1959) With the second batch of cyclophosphamide, six joints were injected (four with hydrocortisone). In these a single counter was used over the knee, one counter over the liver, and a third over the thigh. The outputs from the three counters were continuously recorded for 30 min. to 1 hr. Spot measurements were subsequently made over the liver in two patients at intervals up to 4 days. In four patients blood samples were taken, and were collected up to 4 hrs only, but in two patients sampling was continued for 4 days. Also with the second batch, one intravenous injection was given; measurements were made as for the two patients above, who were followed for 4 days (except measurements over the knee).
Results
(1) The rates of clearance of 32p from the knee joint are expressed as Ti (i.e. time to reach half the initial value) in the Table. The T1 values for patients 5 and 6 are appreciably shorter than those for the other patients. These two tests were carried out at a later date, 29 days after the receipt of Batch 2. They are, therefore, subject to suspicion; it is possible that the cyclophosphamide may have broken down, so that the 32p label does not represent the clearance of the cyclophosphamide. In all the other tests the material was used not later than 10 days after receipt. The results on patients 5 and 6 have therefore been discarded. No record of latex test.
(2) The variation of the blood activity with time, after injection into the joint (lB and 2), and also after intravenous injection (9) is shown in Fig. 1 tions. However, in general, after intra-articular injection they followed, fairlyclosely, the bloodactivity, and there was no evidence of significant localization in the liver. The liver counting rates after intravenous injection showed a downward trend from 2 to 20 min. after injection, while the blood activity was still rising.
(4) The activity appears in the urine at 3 to 6 hrs, and is nearly all excreted by the second or third day.
(5) The distribution of the dose between knees, liver, extracellular fluid (ECF), and urine for two intra-articular injections (3 and 4), and between liver, ECF, and urine for the intravenous injection (9), is shown in Fig. 2 . It has been assumed that the material distributes uniformly throughout the ECF and that the total in the ECF is the blood concentration multiplied by the ECF volume, which has been taken as 22* 5 per cent. of body weight. The blood curve after intravenous injection is almost identical with the above from 4 hrs onwards, i.e. after the intra-articular injection curve has reached its maximum. At 8 min. the activity was 52 x 10-4 per cent./ml. Assuming that at that time all the activity was uniformly distributed in the vascular system, and taking the blood volume at 3 5 1., the total accounted for is 18 per cent. of the dose. Assuming that all the activity was uniformly distributed throughout the extracellular space, of volume 9 1., the total activity accounted for is 47 per cent. of the dose.
Most unexpectedly the activity of the blood sample taken at 1 hr was 52 x 10-4 per cent./ml., the same as that of the sample taken at 8 min.
(3) The counting rates over the liver were very low and therefore subject to large statistical varia- 
Discussion
Cyclophosphamide is a cytotoxic agent developed by Arnold and Bourseaux (1958) (Calabresi and Welch, 1965) . The mechanism of the therapeutic action of this compound has not been fully elucidated, although Brock and Hohorst (1967) have produced evidence to show that it is metabolized to a "primary alkylating metabolite", mainly by the liver microsomes, at least in the rat. This metabolite is a weak anion which contains the phosporus moiety, and we have therefore assumed that the amount of p32 parallels the amount of active therapeutic agent. Like other nitrogen mustards (Calabresi and Welch, 1965 ), it appears to interfere with normal mitoses and cell division in proliferating tissues by alkylation of nucleophilic substances and other biologically important moieties. These compounds have also been shown to suppress antibody production, and lymphocytes are especially sensitive to their action. Although there was only one intravenous injection and measurements over the livers were of limited accuracy, there was a suggestion of some liver uptake of cyclophosphamide when it was injected intravenously. The findings of Brock and Hohorst (1967) have been published since our studies were performed, and these workers do not comment on which liver cells are involved in activation. If the reticuloendothelial cells are involved, it is possible that other sites of activation exist in man, and in particular that such activation might occur in rheumatoid synovium. It would be of interest to have direct experimental evidence of the effect of rheumatoid synovial membrane on cyclophosphamide. This obviously has a very important bearing on the route of administration. If activation does occur in the synovium, there is a strong case for intra-articular injection,* but if not there would seem to be no therapeutic advantages over intravenous or oral administration since the material would have to pass through the liver to be activated.
The results of the present study show that if P32-labelled cyclophosphamide is injected into the joint space, it is cleared with a half-life of about 50 min.
The blood level of cyclophosphamide after intraarticular injection, as shown by radioactivity measurements on venous blood samples, appears to rise to a maximum at between 3 and 6 hrs. The concentration in the blood is such that, in order to account for the whole of the injected radioactivity, it is necessary to assume a distribution space larger than the blood volume. This is considered most likely to be represented by the total extracellular compartment, in which the drug is probably freely distributed. If this assumption is made, there are some discrepancies, as shown in Fig. 2 . With the intravenous injection, only about 58 per cent. of the dose is accounted for at 8 min., and only 50 per cent. at 1 hr after injection. With the intra-articular injection, about 80 per cent. is accounted for at 1 hr. At 4 hrs only 40 per cent. is accounted for in either case, but presumably some of the activity has by that time been excreted (this could not be checked as 24-hr collections were made). The main discrepancy seems to be in the intravenous injection. The blood activity is approximately the same at 1 hr as it is at 8 min. The measurements over the liver suggested a rise during the first 2 min. followed by a fall over the next 20 min. The initial rise could be due to circulating blood activity, but the fall is difficult to account for since the blood activity is not falling. It is conceivable that some of the material was taken up by the hepatic reticuloendothelial cells at 2 min. and subsequently released into the blood, so that between the blood samples at 8 min. and 1 hr there was a rise in the blood activity (corresponding to the decrease in the liver) followed by a fall as the material was cleared from the blood and excreted in the urine. After intra-articular injection the liver activity seemed to follow the blood *If the therapeutic effect is considered to be a direct action of cyclophosphamide on the inflammatory reaction in the synovium, it is obviously dependent on the product of the concentration of material in the joint and the duration of its stay in the joint. Therapeutic effect for I/V injection O09 -This is very approximate, but after 6 hrs the blood curves for intra-articular and intravenous injections are almost identical, so the approximation tends to minimize the ratio. We can therefore conclude that with local activation intra-articular injection would be at least fifty times as potent as intravenous injection. activity fairly closely. It was anticipated that cyclophosphamide might be selectively taken up and concentrated in the reticuloendothelial system; our measurements after intra-articular injection showed little evidence for this, but the hypothesis could account for the results of measurements after intravenous injection. In view of the low counting rates over the liver, which gave rise to large statistical variations, and the obvious difficulties of absolute measurements, it is not possible to draw any definite conclusions about this. Rapid serial blood samples after an intravenous injection might help to elucidate our results.
The therapeutic efficacy of intra-articular cyclophosphamide in patients with rheumatoid synovitis remains to be established. In a small pilot survey by the authors in which the effect of several weekly intra-articular injections of cyclophosphamide plus hydrocortisone was compared with that of hydrocortisone alone, no significant clinical difference was found between the two groups after 1 to 2 years' interval. Hydrocortisone was given by us with cyclophosphamide in these cases since it was observed that it prevented the acute inflammatory reaction that sometimes occurred with the latter drug in the doses used for therapy (200 mg.).
Summary
The results of a study of the uptake of p32_ labelled cyclophosphamide from arthritic human knee joints are presented. These indicate that the material is cleared from the joint under standardized conditions to give a clearance half-time of approximately 50 min. No evidence was obtained that the simultaneous administration of hydrocortisone (50 mg.) affected the clearance time. On theoretical grounds, the relative benefits of intra-articular as compared with other routes of administration would depend on whether or not activation of cyclophosphamide takes place in the synovial membrane. 
